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< Brief review of experiment, theory for SM Higgs
< KElectroweak corrections and factorization |
< Higgs EF1" and check of factorization

< Updated numerics for the levatron and fun with

PDFs
< T'he I-jet bin
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Why we expect a 'leV scale Higgs
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Last undiscovered particle ot the SM

Many reasons to expect it (or something else) to
be observed soon |
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Higgs in SM extensions
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The uncertainty in EWSB mechanism
makes Higgs a portal into new physics at

the TEV scale
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Loop-induced gluon, photon modes can have
O(1) deviations
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Current fit of EW parameters by N 1 B
LEP EW working group predicts: "

4 - 1 % e incl. low Q° data —

My = 84755 GeV % o :
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Precision EW upper bound and direct i x |
search lower bound at 95% CGL.: e ST

114 < Mg /GeV < 154 s

News from the Tevatron: Combined result from CDL,

DO exclude 170 GeV SM Higgs at 95% CL. axiv0808.0534

“Preliminary” exclusion at 160-170 GeV on Friday

Caretully reconsider SM prediction 1n light of experimental
sensitvity
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~ Top-loop dominant; bottom loop gives
-10% correction from 1nterterence {m; In®(My /ms) }{

What makes 1s sensitive to new physics (begins at 1-
. loop) also makes 1t tough to calculate
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E.g., need !

NLO corrections >100% |

900120 140 160 180 200 220 240 260 280 300 at levatron ii

My, [GeV] :

| |
‘3 Harlander, Kilgore; Anastasiou, Melnikov 2002 i
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Ettective theory for Higgs
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FU_H NLO With maSS d@p@ﬂdenCe knOWH (Djouadi, Graudenz, Spira, Zerwas 1995) '

I ¥

1 Dafhcult to go to NNLO and check convergence of expansion |
USC EF T instead fOI' tOp (Shifman et al, 1979; Ellis et al, 1988; S, Dawson; ‘

Djouadi, Spira, Zerwas 1991)
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- C(O(S,Mt) X __.__H-_ ngh 4VHC( )GZVGZV :
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1.125 known through O(O(;’): Schroder, Steinhauser;

1.1 Chetyrkin, Kuhn, Sturm 2006
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' 1075 / v e ‘ If normalized to full LLO top mass dependence, good |
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NNLO 1n the EF T
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a1 Full NNLO differential results known

Soft gluon resummation increase

NNLO by 10%

N°LO scale dependence indicates
stability of expansion
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Residual QCD uncertainty ~10% = EW corrections

potentially important to match QCD and
experimental precision

1 v g
Light-quark terms: <2
Aglietti, Bonciani, Degrassi, Vicini 2004 - - u
4 g

| gew = 0o(1 + dew)

1 120 130 140 150 140 170 180 100

o => Up to 9% at threshold relative

Duhrssen et al. 2004

| to LO QCD
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Actis, Passarino, Sturm, Uccirati 2008 |

: L g 4 ---light fermions, real masses

---light fermions, real masses, Agliett;i et al. S elf' 6 n e rgy re Summ atiO n n e e de d

61— fr; i —total, CM

near thresholds = complex Mwz

Bew 1%]

Reduces corrections: |

Orw :(+4)-(+L)%  115GeV<M,<160GeV

s 200 Mié[% \;]' 30030 200 0 rw I("‘") - ("’4)% 160GeV =M ;=400GeV
e

K-factor at 'levatron 1s ~3.5; how does QCD aftect this? '

Partial factorization: no QCD corrections, set K=1,1-2% of
NNLO cross section |

Complete factorization: same K for EW terms, remain

; 5-6% of NNLO = 20% of LO QCD!
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: What went into the e  Enpeced

f N = o

| SM prediction: S0 | = e

S0
[ &
. ® Complete factorization assumed
1
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Combined CDF, DO results (2008)

I Mup=170 GeV excluded

Tevatron Run II Preliminary, L=3 o'

............................................

e Same QCD corrections for t,b

155 160 165 170 175 180 185 190 195 200

e Old PDFs (MRST 2002) G

Goals: ¢ 'lest complete factorization hypothesis

* Provide updated SM prediction
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3-loop virtual , | g
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Radius of convergence: MH=Mw

| However, top-quark EF1 valid to 1 '1eV>2my; reason to
r expect similar here }
[

| = exact for dominant radiation pieces in
1 resummation limit T=Muy?/S—1 for all My  Maraicra 0 a
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RSl el el

1
C = 3 {1 + Agw [1 + asClhw + azCQw] + a..SClq + (lzc?q}

\ 4

Ci" = ——(1 AEW){l asClg a§C2q}

b Nl e By b

Factorization holds it Giw=0i1q, Gow=Coq

11 2777 19 67 1 R1s" 2 |5 7 22
Clg=—, Czq= +gle +NF (__ +_Lt) AEW = . Y Py S — S |
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Matching at O(a.):
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atching to the EFT II
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Matching at O(ctoL):
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Did we get all the needed operators?

it
Only other same-order operator: ?(ﬂDq

(000000

St 5 t = vanishes when inserted into EF1" graphs

"000000

Large-mass Feynman integral expansion: v s

Fr~ ) Fry o TiepFy Check that all 0,1,2,3-loop
V \ subgaphs contained in EF1 or

Reduced graphs: only light lines, Subgraphs: contain all massive props, r‘li gher p oOwer “

quantum corrections to operators Taylor expand (EFT operators)
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Generate 3-loop diagrams for g(p1)+g(p2)—H(pn)
Taylor expand each diagram in My by applying:

00
1 1 .
DF =) (p1-p2)" [DnFlpympy—o Po=1, Di=30w, Dr=—so—pro—s {Ouln - doh}

n=~0

Y F=A {gw - %} 5% et (p1 ) (p2) = ML ek (p1)ef (pa)

Aot {gpu_iffpz+P§‘P'f

Sap M2
8(d—2) P12 } o

LLeading term 1in A gives (i upon comparison
it ne e through n=2

i
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Structure of result

Coethicents in expansion are 3-loop
vacuum bubbles:

3
1
1(vs) = / et
jl:[l J k% 1]{5 2(]{% ~ M%V,Z)VB (kl £ k2)21/4 <k2 L k3)2y5 (kg 7 k1)2y6

i / Hddkjp '
i=l '

Use integration-by-parts 1dentities i mame
2% s e . 3
Lorentz invariance gives 9 eqs: / TT dk;0: (ks D] = 0
PR
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In a sitmple case: 1-loop bubble diagrams

1

.

I(V17V2) == /ddk kQVl (k‘ —|—p)2V2

o kM
d ot
Set /d k OkH [kQVl (k_l_p)QVZ] T

Derive (=200 — o)L (Vivs) — e d(vr = Lo Wb p Tty i

di=—5

ispplapstonstosl (1510 =7 (1.2 >
p

g (ol 4)

Apply functional relation to progressively more

complicated integrals; all in terms of I(1,1)
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Example of IBP equation for 3-loop calculation:

{-v41-47-v616" +v42-4" +v63°6" +veb6™+(d-2V -
/ V4 -Ve) } 1(V1, V2, V3 V4 V5 V6)=0

Apply IBP eqs to list of seed
inteorals ik OIS0
Hel B ot e

Operators acting on
the arguments of /

Solve resulting system of equations i o

>100000 seeds; express in terms of 2 master integrals:
T@ LR e B ERE v a e ] HE R PR B E T el
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DB = R)(3d =10 g
— G0 (o o (e o () i LA bl (b (o)
(d_4)2 (”777) Cl—4 (77777)
d— 2
—— o< S S ] e e
d_4(7077770)
S S0 0)d =5
= P s 0745 14 [ 81 e | (S T 0y AR ) B A 4 | M2
(d_6)(d_4) (77777)_'_( )(77777)

d(d — 2)(3d — 8)

- AL L)

(S Blidtilld =)
9 (3d — 14)(3d — 20)(3d — 10)(3d — 16)(3d — 8)(d — 7)
16 (d— 8)(d — 10)

+§(3d G GG e e A LS T

Can evaluate master integrals via stmple

Gamma functions

T 10, Ly

S e S R i
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No renormalization needed (finite renormalization

needed for top quark case)

Ci1w=7/6, compared to factorization hypothesis
Ciwv=01=11/4

(C14-Ciw)/ C14=0.6 =0O(1) violation of

assumption

Numerical effect on hadronic cross section?

vt el - T YT " ras WWWWM .
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actual result

partial factorization

complete factorization
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Numerical test of CF
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Oij = O'(O)Gij (z;008)

Gyl = (%) 6 e)

Tevatron

QCD

dew [%]

corrections in EF T

0
Gv(ij)(z) = 0igdjgd(1—2)

n=>0

0) (0
oEw = oGy (2)

0 0 1
b = ol {6 (2) 1+ as(Cru — 1)l + a6 (2) ]
o = ol { G (2) [+ as(Cru — C1q) + a2 (Cauw — Caq + C1g(Crg = C1u)]
2
+asGY)) (2) [1 + ag(Cro — C1)] + a2GL2 }

8

NNLO CF 0 .
TEW iGij (z708)

= Osir

B

Full mass-dependent 2-loop EW corrections

T T e DNy

3 LO
NLO
(N ——— NNLO, Cyyy=-10 9
- NNLO, Cyy =10

[ NNLO CF
' ; -2 1 1 1 1 1 1
! 110 120 130 140 150 160 170

my [GeV]

180

Difterence between CF
and actual: CLS(Clw =~ Clq)

Small compared to a;G'"(z)

T
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best _ _NNLO NNLO
a =0 QCD + 0 EW

0 0 - 0 0 -
060b° = 060G (z;00) + 0, Gy (2) Kpp+ 0, Gy (2) Koy

NNLO large-m; K-factor, exact LO Exact NLO b?, t-b interferences K-factors

result 1.4 < Kb < 1.7 for 120 < My < 180 GeV:
3.5 used for both in old Catani et al. study

Choose u=Mmn/2 to reproduce central value of

re SummatiOn tO better then 1 O/O Catani, de Florian, Grazzini, Nason ‘03

Comparison of pole, MSbar b-quark mass (<1% change)

e

Use of newer MRS'T PDFs ... {
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For Mu=170 GeV:

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

A short lesson on PDFs and their errors...

MRST 2002 —=2006: increase of 0 and gluon density

original

MRST 2006 PDFs

Ky, Kpp

EW effects

| 0.3542

0.3650

0.3868

0.3943

Act constructively to imncrease by 7-10%o

Liene for 1 20 =Nl E80-Ge\:
(Note: PDF systematic error £5%, 90%0 GL)
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MSTW 2008 PDF release arXiv:0901.0002

Run II inclusive jet data

Decrease of 0s(Mz) from 0.119—0.117

Gluon density decreased at x~0. 1

oo luminosity error increased from 5% —10%

MH:

170 GeV:

MRST 2001

MRST 2004 | MRST 2006

MSTW 2008

0.3833

0.3988

0.3943

0.3444

RSO

o Lo el Coduh J s
- NN PN PO S W s ARl N e e e

~10-15% decrease in predicted cross section !
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Numerical results for lTevatron

Bt B B b B b B B B B b b B b R R B B b B b b Rl B B b b B B B Bl Bl b B bl B Rl B B b b B B B L B B b B b R L b L B b

my[GeV] obest[pb] mp|[GeV] obest[pb]

110 | 1417 (£7% pdf) 160 | 0.4344 (£9% pdf)
115 1.243 (£7% pdf) 165 0.3854 (9% pdf)
120 1.094 (£7% pdf) 170 0.3444 (£10% pdf)
125 | 0.0660 (£7% pdf) | 175 | 0.3007 (£10% pdf)
130 | 0.8570 (£8% pdf) || 180 | 0.2788 (£10% pdf)
135 7620 (£8% pdf) || 185 | 0.2510 (£10% pdf)
140 | 0.6794 (£8% pdf) | 100 | 0.2266 (£11% pdf)
145 | 0.6073 (£8% pdf) | 195 | 0.2057 (£11% pdf)
150 | 0.5430 (£9% pdf) | 200 | 0.1874 (£11% pdf)
155 | 0.4876 (£9% pdf) _ _

Now 4-6% lower than used 1n
2008 Tevatron exclusion for

Mu=150-170 GeV

Accounted for 1n new analysis and supposedly negated by analysis improvements
and statistics, but Friday’s CDF-9713, D0-5889 apparently still use 5% PDF

e LELOLS. .

[+7%,-11%] scale

CIrror

PDVF systematic error

tactor of 2 larger: £10%

S bl iy

o Ry 3 A d 3
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Other EW effects not yet included? ¥es vy ke

qq — Hg, q9 — Hq through W, Z

Current l-jet bin: | > same order

"000000

o, H G" qv,q Not included in

My, 5 current treatment |

Matches to

4o ?) OO/O Of GXCIUSiOH from 1 _j Ct bin M. Herndon, private communicaton
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Preliminary 1-jet bin
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Preliminary numerics: small destructive interference at the

Sl=qleEl

percent level, small effect on current treatment

MSTW 2008

Mr=Mp=My
pr > 15 GeV

T T T T | T T T T T T T T 70 T
= B 60
= MSTW 2008 L
. Mr=Mp=My ] i
B Al D0 =
= B N .
£ ] o i
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< While QCD, EW corrections don’t factorize,

numerical difference 1s small ;

< Updated cross section 3% lower then "levatron
used 1mn 2008 exclusion

= PDF systematic error factor of 2 larger
< FEifect on levatron exclusion limits?

<= Missing eftects in the 1-jet bin under study




